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BOUNDED PRICE VARIATION AND RATIONAL 
EXPECTATIONS IN AN ENDOGENOUS SWITCHING 
MODEL OF THE U.S. CORN MARKET 
Matthew T. Holt and Stanley R. Johnson* 
Abstract-A model that includes bounded price variation and 
rational expectations by producers is estimated for the U.S. 
corn market. The resulting model specification is highly nonlin- 
ear though since the probability of market equilibrium must be 
determined endogenously. Unlike previous research, the cross- 
equation restrictions implied by the rational expectations hy- 
pothesis are incorporated in the bounded prices model by 
using Fair and Taylor's (1983) procedure for obtaining maxi- 
mum likelihood estimates of nonlinear rational expectations 
models. The resulting model is compared against a standard 
equlibrium model with naive expectations. The results show 
the bounded prices model is a superior specification. 
I. Introduction 
N recent years there has been considerable in- 
terest in modeling markets which are hypothe- 
sized to be in disequilibrium. Methods for estimat- 
ing disequilibrium models have been investigated 
by Fair and Jaffe (1972), Fair and Kelejian (1974), 
Amemiya (1974), and Maddala and Nelson (1974). 
Specific applications of disequilibrium analysis 
have been reported by Hay and Anderson (1988), 
Laffont and Garcia (1977), Rosen and Quandt 
(1978), Ziemer and White (1982), and others. These 
earlier works on disequilibrium modeling have 
recently been extended in several important ways. 
To begin, Maddala (1983) has examined estima- 
tion methods for models of markets which are in 
disequilibrium only part of the time. For instance, 
government commodity programs offer guaran- 
teed price supports to participating producers. If 
the market price falls below the support price the 
government purchases stocks and the market is in 
disequilibrium. However, if the market price is 
above the support price the government akes no 
action and the market is characterized by equilib- 
rium. The implication is that markets with govern- 
ment price supports will alternate between periods 
of equilibrium and disequilibrium.1 Models of such 
markets are referred to as bounded price variation 
models and are similar to endogenous switching 
models (Maddala and Nelson, 1975). 
The basic disequilibrium model has also been 
extended to the case where producers form expec- 
tations rationally (Chanda and Maddala, 1983; 
Shonkwiler and Maddala, 1985; Baxter, 1987). A 
closed-form solution for the rational price predic- 
tor cannot be obtained though since producers 
must consider, among other things, the probability 
of market equilibrium. Although headway has been 
made in estimating such models, there has to date 
been no attempt to incorporate fully all informa- 
tion implied by the rational expectations hypo- 
thesis. 
The task presented by incorporating the cross- 
equation restrictions implied by rationality in a 
bounded price variation model is formidable but 
not impossible. Fair and Taylor (1983) recently 
outlined an iterative method for obtaining maxi- 
mum likelihood (ML) estimates of nonlinear ratio- 
nal expectations models. The basic idea is to re- 
place the analytical reduced form for the rational 
price predictor as obtained in linear models with 
numerical solutions of the rational predictor in a 
nonlinear model. The result is that all information 
is utilized in the estimation, and formal tests of 
the resulting cross-equation restrictions can be 
conducted. 
In this paper we formulate and estimate a model 
that includes both bounded price variation (e.g., 
occasional disequilibrium) and rational expecta- 
tions for the U.S. corn economy, a market that has 
been influenced substantially by government inter- 
vention. A unique feature of this study is that all 
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I Throughout this paper we abstract from problems created 
by the voluntary nature of price support programs. In practice, 
price supports are offered only to participating producers and 
consequently the price support may or may not be effective 
during any given year (in fact, average market prices were 
frequently below support prices during the 1950s and early 
1960s). The implicit assumption used throughout our analysis, 
however, is that all producers are eligible to receive the support 
pnce. 
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606 THE REVIEW OF ECONOMICS AND STATISTICS 
information implied by the rational expectations 
hypothesis is used in the estimation, something 
not yet achieved by previous research in this area. 
In the next section the theory of rational expecta- 
tions for markets with bounded price variation is 
developed. A discussion of estimation producers, 
including two-stage estimators, full information 
estimators, and the Fair-Taylor approach follows. 
The third section presents the results obtained 
after applying the estimation framework to the 
U.S. corn market and the final section summarizes 
the important conclusions of the study. 
II. Rational Expectations and Lower 
Price Bounds 
Consider a market represented by a stochastic 
supply and demand system and an exogenously 
set lower price limit Pt: 
Dt = a Xlt + a*Pt + elt, (1) 
St = Al X2t + 3*pte + e21, (2) 
Qt = Dt = St if Pt >Pt, (3) 
Qt = Dt < St if Pt < Pt, (4) 
where Dt is quantity demanded, St is quantity 
supplied, Qt is quantity transacted, Pt is the mar- 
ket clearing price, pte is the rational expectation 
of price formed at the time production decisions 
are made, Xlt and X2t are vectors of demand and 
supply shifters, respectively, and elt and e2t are 
joint normally distributed random variables with 
mean zero and variance-covariance matrix L. 
Given observations on Pt and Pt, we can classify 
the data points belonging to equilibrium and those 
belonging to excess supply. Let 4' denote the set 
of observations where Pt ? Pt_and P2 the set of 
observations for which Pt < Pt. If Pt > Pt_ then 
Qt = Dt= St and we have a simultaneous system 
given by equations (1)-(3) with Qt and Pt deter- 
mined endogenously. If Pt < Pt, then Qt = Dt < St 
and we have a disequilibrium model. In this case 
the market price is Pt but we still observe both Dt 
and S, since we know the amount produced and 
the amount the government buys under the price 
support program. 
The above system describes a market for a 
commodity where government price supports 
truncate the price distribution and where agents 
form rational expectations about the product price 
when making production decisions. The model 
must be closed by incorporating the rational ex- 
pectations assumption. In its general form, the 
rational price predictor can be written as 
pte= Et = (Ptiut-l) 
where Et -1 is the expectation of price taken in 
period t - 1 conditioned on the information set 
Qt- I available at the time expectations are formed. 
In linear rational expectations models, the re- 
stricted reduced form of the structural system in 
(1)-(3) is solved for in terms of expected price and 
then substituted for pte in the supply equation 
(Wallis, 1980; Goodwin and Sheifrin, 1982; 
Shonkwiler and Emerson, 1982). Using (1)-(3), 
the restricted reduced form for price is 
= ) (31X2 + j8*pe 
-a'X1it + e2t - elt). (5) 
Taking conditional expectations of both sides of 
(5), and collecting terms, gives the rational price 
predictor: 
(a - --*) X(P'X2*t-ax*) (6) 
where X1* and X2* represent the expectations 
of demand and supply shifters formed in period 
t - 1. The rational predictor in (6) is not appro- 
priate in the present case, however, since produc- 
ers must also consider the possibility that the 
market will be in disequilibrium (i.e., the support 
price is effective). 
The first step in deriving the rational predictor 
for the model in (1)-(4) is to define the truncated 
expectation of price. Using standard results for 
truncated normal distributions, it can be shown 
that the truncated rational price expectation is 
Pt ei (K') + a(2)-72 exp(-K7/2) 
+ pet [I -O? ( Kt)], (7) 
where 
p= (a*) t(fX2* + 3*pe - a{Xl* (8) 
K= [p_(*)-(3X2*t + 3*pe- a;Xl*)] /l, 
(9) 
2= (a*) -2 var(e2t - e,t), (10) 
and 1 (.) and 4(.) denote respectively the distri- 
bution and density functions of the standard nor- 
mal. Here 1 - (D(Kt) is the probability 7t that the 
price support is not effective and (D(Kt) is the 
probability (1 - t) that the market will be in 
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BOUNDED PRICE VARIATION AND RATIONAL EXPECTATIONS 607 
equilibrium. That is, 
qT = 1 -(K,) = 1 - -K (zt) dzt. (11) 
-00 
By combining terms in expressions (7) and (8), the 
rational price predictor Pt' can be written as 
pe = (1 _ t) Pt + 7tP (12) 
where 
Pi* = E11(PtlPt?> pt) e (Kt) 
The above result has intuitive appeal since it spec- 
ifies that the rational predictor is a weighted aver- 
age of the support price Pt and the expectation of 
the market clearing price P * conditional on the 
support price not being effective. Likewise, the 
weights are derived from the probability 7t that 
the support price will not hold. The rational pre- 
dictor pte in the bounded price variation model is 
obtained by the simultaneous solution of equa- 
tions (7)-(11). The resulting system is highly non- 
linear though and an analytical solution cannot be 
obtained. 
An important question is whether or not the 
above system gives a unique solution for pte As 
Chanda and Maddala (1983) suggest, at issue is 
whether or not the transcendental function in (11) 
determines a unique g, 0 < gt < 1. The derivative 
of the right-hand side of (11) with respect to 7t is 
Kto(Kt)/[(a(X*/*) - Kt4(Kt) + 7TJ; however, 
Kt can be either positive or negative, and since its 
value also depends on 7T, it is not possible to show 
that the right-hand side of (11) is a monotone 
function of Tt. Likewise, it is also not possible to 
prove that the right-hand side of (11) is either 
globally concave or convex. To obtain additional 
insight, the estimated model presented in the fol- 
lowing sections was used to numerically trace out 
the right-hand side of (11) as a function of 7T. The 
results obtained show that a unique fixed point for 
7t does exist in the open interval (0, 1) over the 
entire data range and for all plausible values of 
the parameter vector (a, a*, 13j, l3*)2 Thus, it 
appears that (7)-(11) will almost surely give a 
unique solution for pte even though a formal 
proof of this proposition was not forthcoming. 
III. Estimation Methods 
There are two possible alternatives for proceed- 
ing with the estimation. The first is to approximate 
the solution of (7)-(11) with a general function of 
the form 
ptefX1* 
x2: t Pt) if Pt ? Pt 
= Pt otherwise (13) 
where in practice f(.) can be specified as a low- 
order polynomial of the expectations of the exoge- 
nous variables and the support price. Equation 
(10) could then be estimated by the tobit method 
and the predicted values used as instruments for 
estimating equation (2).3 Similar methods can be 
used to obtain consistent estimates of the demand 
equation parameters. The procedure is slightly 
different hough since the disequilibrium effects 
of the support price must be incorporated. In 
this case, a correction for the nonzero means 
of the residuals in the two regimes (equilibrium 
versus excess supply) is required.4 The specific 
procedures are outlined by Maddala (1983, 
pp. 364-366). 
Although the above methods can be used to 
obtain consistent estimates of the supply and de- 
mand equations, they do not utilize all informa- 
tion implied by rationality. The full impact of the 
information associated with rational expectations 
can only be obtained if the cross-equation restric- 
tions resulting from the simultaneous solution of 
(7)-(11) are incorporated into the estimation. The 
other alternative then is to solve the system in 
(7)-(11) numerically and to use these numerical 
solutions in place of pte in the estimation.5 This is 
precisely the algorithm suggested by Fair and 
Taylor (1983) for solving and estimating nonlinear 
rational expectations models. Once initial consis- 
tent estimates of the parameter vector e = 
2 The results of these numerical simulations can be obtained 
from the first author upon request. 
3 This instrumental variables approach provides consistent 
estimates and is frequently used in practice to estimate compli- 
cated rational expectations models (Sargent, 1975; Sargent and 
Wallace, 1978). 
4 Recall that supply is not a function of current price, hence 
no correction is needed. 
5A third alternative, pursued by Shonkwiler and Maddala 
(1985), is to assume that producers have perfect foresight with 
regards to whether or not the support price will be effective. 
Consequently, the probability , will either be one or zero and 
the resulting model is linear. Equation (9) then applies and 
estimation proceeds as usual. The iterative solution-estimation 
method proposed here is superior to this approach though 
since , is determined endogenously. 
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(a", /3", a*, /B*) have been obtained, the system in 
(7)-(11) can be solved numerically using an itera- 
tive solution method such as Gauss-Seidel. The 
resulting numerical value for Pte is then consistent 
with the underlying model structure much in the 
same way that it would be if the calculated re- 
stricted reduced form could be solved for explic- 
itly. In this manner, the cross-equation restrictions 
resulting from the rational expectations hypothesis 
are incorporated fully in nonlinear models. Maxi- 
mum likelihood estimation procedures which em- 
ploy numerical derivatives can be used to obtain 
new estimates of the parameter vector e. The 
entire solution-estimation process is repeated un- 
til convergence obtains. 
Before estimation can proceed, it is necessary to 
make an assumption about how the expectations 
X1* and X2* are formed. For simplicity, we as- 
sume that X1t and X2t follow first-order univari- 
ate autoregressive processes of the form 
Xi= yo + -y1X1t_j + e3 t 
X2= + + e4. (14) 
Consequently, the expectations X1, and X2* are 
given by 
*= Y + Y1Xl-1 (15) 
and 
X2*= 80 + 81X2t-1- 
In the iterative solution-estimation routine the 
right-hand sides of (15) are substituted for X1* 
and X2* in equations (7)-(11). In this manner the 
cross-equation restrictions implied by (15) are also 
incorporated into the estimation. 
To obtain ML estimates, we must consider the 
effects of the endogenous switching regime on the 
likelihood function. The appropriate likelihood 
function for the price support model with rational 
expectations is 
L = f (Qt,~Pt, Xl X, X2t) 
*H[ g(Dt, St, Xlt,) X2t) (16) 
t E 2 
where f(.) is the joint density of Qt, Pt, Xlt, 
and X2t derived from the joint density of 
(eit, e2t, e3t, e4t) as in any simultaneous equations 
model, and g(-) is the joint density of Dt, St, X1t, 
and X2t derived from (e1t, e2t, e3t, e4t) treating 
Pt = P, as exogenous. Note also that the Jacobian 
of the transformation for f(-) is ja*1 which is 
expected to be nonzero since a* is in general 
nonzero. Likewise, the Jacobian of the transfor- 
mation for g(*) is unity. 
In the present case an "unconcentrated" log 
likelihood function must also be used since changes 
in E affect he solution of equations (7)-(11), and 
thereby the computed residuals.6 Apart from a 
constant, the "unconcentrated" log likelihood 
function can be written (before partitioning) as 
T T 1 T 
L* = E loglJtl - - logly1 - - E e'E et 22 t=1 t=1 
(17) 
where et = (elt, e2t, e3t, e4t)' and Jt is the Jaco- 
bian of the transformation from (elt, e2t, e3t, e4t) 
to (Qp, Pt, Xlt, X2t) or (Dt, Xt, Xlt, X9t). The ML 
estimates are then obtained by maximizing L* 
with respect to the parameters (0,X). With the 
Fair-Taylor method, each evaluation of L* re- 
quires computing the expected value of Pte from 
(7)-(11) for t = 1,..., T. Nonlinear optimization 
routines such as the Davidon-Fletcher-Powell 
(DFP) algorithm can then be used to maxi- 
mize L*. 
IV. Model Specification 
The above procedures are applied to a struc- 
tural model of the U.S. corn economy. A simpli- 
fied two-equation supply-demand framework is 
used and is similar to the one reported by 
Shonkwiler and Maddala (1985). Supply S, is spec- 
ified as total production and the demand equation 
represents the total demand for corn including 
exports, feed and food use, and stocks. 
The specific form of the supply equation is 
St= /30 + /Pt + /32WJt + /33t + /84D83t + e9t 
where pte is the rational price expectation ob- 
tained by solving equations (7)-(11) iteratively. 
The variable WIt is an index that reflects devia- 
tions of actual corn yield from trend yield and 
serves primarily as a measure of growing condi- 
tions during the production period. There has also 
been dramatic improvements in corn yields over 
time due to the widespread adoption of fertilizers, 
6YZ now represents the variance-covariance matrix for the 
error vector (el,, e2,, e3,, e4,). 
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pesticides, and hybrid plant varieties. A time trend 
t is then included in the supply equation primarily 
as a measure of technological change. Initial esti- 
mates of the supply equation also resulted in a 
residual outlier for 1983. This is probably due to 
the generous payment-in-kind (PIK) program of- 
fered by the government hat year to entice land 
out of production. This one-time xtreme was then 
discounted in the final estimation by including a 
dummy variable, D83,. 
The above supply specification is a simplifica- 
tion of the economic decisions facing corn produc- 
ers and several potentially important variables 
have been omitted. For instance, acreage diver- 
sions and set asides have been an important fea- 
ture of government programs throughout he pe- 
riod of analysis (Cochrane and Ryan, 1976). In 
addition, deficiency payments and other direct 
government subsidies have become important in 
recent years. While these policy variables may 
influence acres planted (Houck et al., 1976), their 
overall impact on production may be indetermi- 
nate. This is because farmers have tended to com- 
pensate for reduced acres by using more ferti- 
lizer and other inputs on their remaining land 
(Paarlberg, 1980). Moreover, deficiency payments 
are determined on the basis of historical produc- 
tion patterns. Consequently the payment of these 
subsidies will encourage producer participation in 
the government program, but the immediate im- 
pact on production may be negligible. Finally, 
prices for competing products such as soybeans 
are not included in the specification. This is be- 
cause price supports have also been used in the 
soybean market and the inclusion of soybean price 
in the supply equation would unnecessarily com- 
plicate the model. 
The demand equation is specified as 
Dt= ao + a1Pt + a2EXPt + a3INCt + elt 
where EXPt represents corn exports and INCt 
represents total disposable income. Income is used 
to reflect shifts in the derived demand for corn 
due to increased demand for livestock products. 
Exports are included as a separate explanatory 
variable to account for their largely exogenous 
growth during the period of analysis. For those 
observations belonging to 41, equation (3) applies 
and Dt = St + STKt-, + IMPt where STK,-1 de- 
notes beginning period stocks in all positions and 
IMP, denotes imports. For observations in 42 the 
above identity no longer holds, but total demand 
can be derived from total supply by considering 
total government purchases, denoted as CCC,. 
Specifically, D, = S, + STK,-1 + IMP, - CCCI. 
Data for the thirty-six crop years 1950 through 
1985 were used in the empirical estimation. The 
market price variable P, is the average price of 
corn received by farmers before price support 
payments. Other data on production, stocks, in- 
come, support rates, exports, imports, and corn 
yields were obtained from various USDA sources. 
Following Rausser and Riboud (1983), we set the 
market price equal to the support price during 
periods when the observed market price was below 
the loan rate. The result was that thirteen years in 
the sample data were identified as belonging to 
excess supply (42) while twenty-three years were 
identified as market clearing (4,). 
To complete the model, first-order autoregres- 
sive processes were specified for the variables EXP, 
and INC,. The data for WI, and IMP, followed 
no regular or persistent pattern, so their expecta- 
tions were determined from a simple three-year 
moving average. 
V. Estimation Results 
With the above data, the two-stage and ML 
estimates of the endogenous switching model for 
the U.S. corn market were obtained. The results of 
the ML estimates of the endogenous switching 
model with rational expectations are reported in 
table 1. To facilitate comparison, an equilibrium 
model was also estimated with lagged corn price 
used in place of the rational predictor in the 
supply equation. The dependent variable for the 
demand equation in the equilibrium model is pro- 
duction plus beginning stocks and imports; no 
adjustment is made for CCC purchases during 
periods of disequilibrium. These results are also 
reported in table 1. 
All coefficients have theoretically correct signs 
and all parameter estimates associated with eco- 
nomic variables are significantly different from 
zero for both models. Both models do a reason- 
able job of explaining the data. The R2 for the 
estimated supply equation is 0.973 for the endoge- 
nous switching/rational expectations model and 
0.958 for the equilibrium/cobweb model. 
However, the demand equation for the endogen- 
ous switching model apparently fits better 
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TABLE 1.-MAXIMUM LIKELIHOOD ESTIMATES OF A SUPPLY AND DEMAND MODEL 
FOR THE U.S. CORN MARKET, 1950-85 
Model 
Variable Disequilibrium Equilibrium Augmented 
Demand Equation: 
Constant 50.059 60.302 49.920 
(2.372)a (4.110) (2.417) 
Price of corn, P, -18.151 -22.086 -18.070 
(1.652) (3.091) (1.843) 
Corn exports, EXP, 3.140 2.986 3.168 
(0.368) (0.441) (0.368) 
Personal income, INC, 0.128 0.140 0.125 
(0.032) (0.041) (0.031) 
Supply Equation: 
Constant -38.168 -45.474 -38.916 
(2.294) (1.100) (1.067) 
Expected corn price, Pe 12.323 7.805 12.282 
(1.702) (1.177) (1.572) 
Weather index, WI, 44.651 56.895 45.485 
(1.670) (1.070) (2.354) 
Time trend, t 1.122 1.299 1.123 
(0.085) (0.079) (0.078) 
PIK year, D83t -29.757 -19.053 - 29.086 
(4.356) (2.672) (4.808) 
Mixing parameter, X - - 0.928 
(0.151) 
Export Equation: 
Constant 1.041 0.990 1.041 
(0.520) (0.506) (0.503) 
Lagged exports, EXPt1 0.916 0.923 0.916 
(0.044) (0.043) (0.043) 
Income Equation: 
Constant - 0.101 - 0.140 - 0.097 
(0.695) (0.710) (0.701) 
Lagged income, INCt_1 1.087 1.087 1.087 
(0.006) (0.006) (0.006) 
Log likelihood -150.43 - 123.67 - 150.38 
Note: P[ for the disequilibrium model is the computed rational expectation. Likewise. P[ for the equilibrium 
model is lagged corn price, P,-1, and for the augmented model is XPf' + (1 - A)P,_ 
" Asymptotic standard errors appear in parentheses. 
(R2 = 0.933) than does the demand equation for 
the equilibrium model (R2 = 0.832). 
One interesting result is that the elasticity of 
demand with respect to P, for the equilibrium 
model is -0.544 while the same elasticity for the 
endogenous switching model is -0.346. This re- 
sult parallels those obtained by Rosen and Quandt 
(1978), and Ziemer and White (1982); own-price 
demand elasticities are smaller for disequilibrium 
models than for equilibrium specifications. The 
other striking result is that the supply elasticity for 
the endogenous switching model (0.457) is over 1.6 
times bigger than the same elasticity for the equi- 
librium model (0.281). This finding also compares 
favorably with the results obtained by Shonkwiler 
and Maddala (1985) where the bounded price 
variation model with rational expectations implied 
more price responsiveness than did other specifi- 
cations. 
Additional insight can be gained by testing the 
restrictions resulting from the rational expecta- 
tions assumption. As with linear models, likeli- 
hood ratio tests of the cross-equation restrictions 
resulting from rational expectations can be per- 
formed. The calculated test statistic 6.74 is below 
the appropriate chi-square statistic with four de- 
grees of freedom at all conventional levels of 
significance. This result provides important evi- 
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dence that the rational expectations hypothesis 
with bounded price variation is appropriate in the 
corn market. 
Several additional procedures were used to in- 
vestigate the implications of the endogenous 
switching model with rational expectations model 
vis-'a-vis other alternatives. First, a mechanical 
nesting procedure similar to that described by 
Shonkwiler (1982) was used to check the validity 
of the rational expectations assumption relative to 
the more traditional cobweb specification. The 
mechanical nesting procedure requires estimating 
an augmented version of the rational expectations 
model where the price expectation is treated as a 
convex combination of the computed rational price 
predictor Pte and the lagged price of corn, P,1. 
Specifically, the supply equation with augmented 
expectations assumes the form 
St = go + p1[Xpe + (1 -)Pt_] 
+ 82WIt + 33t + 34D83t + e2t 
where X is a mixing parameter. This specification 
allows the data to discriminate between the two 
expectations hypotheses. 
The results obtained are reported in table 1 
under the column headed Augmented. The point 
estimate for the mixing parameter X is 0.928 which 
is not significantly different from one. Also, the 
log likelihood value for the augmented model is 
nearly identical to that of the original disequilib- 
rium specification. These results imply that lagged 
price adds little information to the expectations 
process and that the rational expectations hypoth- 
esis is a superior specification. 
Other procedures used included obtaining least 
squares estimates of the supply equation using the 
computed rational expectations pte from the ML 
model as instruments. The "truth" of this single 
equation version of the supply model was then 
checked against alternative specifications which 
used naive expectations and the tobit approxima- 
tion to the rational price predictor. The perfor- 
mance of each model relative to the alternatives 
was examined using non-nested hypotheses tests. 
The results of pairwise and joint Davidson and 
MacKinnon (1981) J tests are reported in table 2. 
For the pairwise tests, the statistics reported in the 
column labeled test 1 are for the null hypothesis 
that the first of the two compared models is true. 
The statistics in the column headed test 2 were 
obtained by using the second model in the com- 
parison as the null hypothesis. 
Considering first the specification with com- 
puted rational expectations, the results in table 2 
indicate this model dominated all others in the 
pairwise comparisons. That is, the null hypothesis 
of rational expectations could not be rejected in 
favor of the alternatives. Moreover, the specifica- 
tions using the tobit approximation to the rational 
predictor and naive expectations are always re- 
jected when the supply model with computed ra- 
tional expectations is the alternative. 
The lower half of table 2 presents the results for 
joint J tests. With the joint tests, the null hypoth- 
esis that a specification is true is tested against all 
other alternatives simultaneously. The likelihood 
ratio test statistics resulting from these joint tests 
are reported in the column headed test 1. Again 
the results indicate that the model specification 
using the computed rational price expectations 
could not be rejected when tested jointly against 
the alternatives. At the same time, the null hy- 
potheses for the supply models which used the 
tobit approximation to the expectations and lagged 
corn prices were rejected in botlh instances. 
The above results provide additional evidence in 
support of the bounded price variation model with 
rational expectations in the U.S. corn market. 
There is a long tradition of using lagged prices 
and other types of extrapolative predictors to gen- 
erate expectations variables in models of agricul- 
tural supply (Askari and Cummings, 1977). The 
results here suggest that these methods are inferior 
for estimating supply response in the corn market 
relative to the more informationally efficient ratio- 
nal expectations assumption. 
As a final check, the implied probabilities 
(1 - 47) that the market will be in disequilibrium 
were computed for the bounded price variation 
model. The resulting values are reported in figure 
1. In general, the probabilities of disequilibrium 
(i.e., the support price is effective) were high dur- 
ing the 1950s and early 1960s and low during the 
1970s and early 1980s. These results seem reason- 
able given the general economic and political 
trends that occurred during these periods. In sum- 
mary, the implied probabilities derived from the 
rational expectations model appear to adequately 
reflect he conditions prevailing in the corn market 
over the sample period. 
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TABLE 2.-PAIRWISE AND JOINT NON-NESTED TESTS OF ALTERNATIVE 
EXPECTATIONS HYPOTHESES 
Test Type Models Compared Test la Test 2 
Pairwise Computed Rational Expectations-Tobit Approximation -1.51b 5.89c 
Pairwise Computed Rational Expectations-Naive Expectations 0.47 4.24c 
Pairwise Tobit Approximation-Naive Expectations 2.92C 0.75 
Joint Computed Rational Expectations 3.73 
Joint Tobit Approximation 28.73d Joint Naive Expectations 20.37 
a The test statistic for test 1 is for the null hypothesis that the first model listed in the comparison is true. 
Alternatively, the test statistics for the test 2 column are derived under the null hypothesis that the second listed 
model is true. 
Under the null hypothesis for the pairwise tests, the test statistic is distributed as standard normal with a critical 
value of 1.96 at the 0.05 level. Under the null hypothesis for the joint tests, the test statistic is distributed as 
chi-square with two degrees of freedom which is 5.99 at the 0.05 level. 
c The null hypothesis in the pairwise test could be rejected. 
dThe null hypothesis in the joint test could be rejected. 
FIGURE 1. -PROBABILITY OF DISEQUILIBRIUM IN THE 
U.S. CORN MARKET, 1950-85 
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VI. Conclusions 
In this paper we have applied recent advances 
in disequilibrium and rational expectations model- 
ing to estimate an endogenous switching model of 
the U.S. corn market. Moreover, all information 
implied by rational expectations was incorporated 
in the estimation by using the Fair-Taylor iterative 
estimation method for obtaining maximum likeli- 
hood estimates of nonlinear rational expectations 
models. The results are encouraging and the em- 
pirical evidence indicates that the bounded price 
variation model with rational expectations per- 
forms better than a traditional equilibrium model 
with naive expectations. 
Perhaps the most encouraging aspect of this 
study is that complicated, nonlinear rational ex- 
pectations models can be successfully estimated 
and applied. In the past, researchers have been 
restricted to using linear structures or making 
simplifying assumptions to implement and test the 
rational expectations hypothesis. The results here 
indicate that the rationality assumption can be 
incorporated in a broader range of model specifi- 
cations. 
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